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㸳㸧ᐃ㔞3&5
ࠉᐃ㔞 PCRࡣ㸪Microcystisᒓࡢ S rRNA㑇ఏᏊ
㸦Rinta-Kant et al. 㸦㸧㸧࡜ mcyB㑇ఏᏊ㸦Briand et 
al. 㸦㸧㸧࡟≉␗ⓗ࡞ࣉࣛ࢖࣐࣮ࢭࢵࢺ࠾ࡼࡧ
ࣉ࣮ࣟࣈࢆ⏝࠸࡚ TaqManἲ࡛⾜ࡗࡓࠋ཯ᛂ࡟ࡣ
FastStart Essential DNA Probes Master㸦Roche, USA㸧
ࢆ⏝࠸㸪LightCycler  Nanoࢩࢫࢸ࣒㸦Roche, USA㸧
ĳĴ
࡟ࡼࡾゎᯒࡋࡓࠋ཯ᛂ⁐ᾮࡣ㸪ῧ௜ࡢ࣐ࢽࣗ࢔
ࣝ㸦https://cssportal.roche.com/LFR_PublicDocs/
ras/_en_.pdf㸧࡟ᚑ࠸μL࡟ㄪ〇ࡋ
ࡓࠋࡲࡓ㸪ࢧ࣮࣐ࣝࢧ࢖ࢡࣝ཯ᛂࡣΥ࡛ศࡢ
⇕ኚᛶᚋ㸪Υࢆ⛊㸪Υࢆ⛊㸪Υࢆ⛊
ࡢࢫࢸࢵࣉࢆࢧ࢖ࢡࣝ⾜ࡗࡓࠋ࡞࠾㸪Microcystis 
aeruginosa NIES-ᰴࡢࢤࣀ࣒DNAࢆ⏝࠸࡚ࢫࢱ
ࣥࢲ࣮ࢻࢆసᡂࡋ㸪⤯ᑐ᳨㔞⥺࡟ࡼࡾᐃ㔞ࢆ⾜ࡗ
ࡓࠋ㗪ᆺDNAࢆಸࡲ࡛ẁ㝵ᕼ㔘ࡋ࡚ᐇ㦂ࢆ⾜
࠸㸪᭱ࡶቑᖜຠ⋡ࡢ㧗࠿ࡗࡓಸᕼ㔘ࡢ⤖ᯝࡢᖹ
ᆒ್ࢆྛDNAࡢࢥࣆ࣮ᩘ࡜ࡋࡓࠋヨ㦂ࡣ㸱㐃࡛⾜
࠸㸪S rRNA㑇ఏᏊཬࡧmcyB㑇ఏᏊࡢྛ⣔ิࡣ
ANOVA࡟ࡼࡾ᭷ពᕪࢆ᳨ᐃࡋࡓࠋ
㸴㸧ศᏊ⣔⤫ゎᯒ
ࠉPCRቑᖜࡋࡓS rDNA㑇ఏᏊࡣ㸪pGEM-T Easy 
vector system㸦Promega, USA㸧࡟ࡼࡾࣛ࢖ࣈ࣮ࣛࣜ
໬ࡋࡓࠋࢡ࣮ࣟࢽࣥࢢࡣ㸪ῧ௜ࡢ࣐ࢽࣗ࢔ࣝ㸦http://
www.promega.co.jp/jp/jp_tech/jp_manuals/pgem-t.pdf㸧
࡟ᚑࡗ࡚⾜࠸㸪㸯ࢧࣥࣉࣝ࠿ࡽࢡ࣮ࣟࣥࡎࡘࣛ
ࣥࢲ࣒࡟㑅ᢤࡋࡓࠋ㑅ูࡋࡓࢡ࣮ࣟࣥࡣ㸪⛅⏣┴
❧኱Ꮫࣂ࢖࢜ࢸࢡࣀࣟࢪ࣮ࢭࣥࢱ࣮࡟࡚඲㛗ࢆ
ࢩ࣮ࢣࣥࢫࡋࡓࠋᚓࡽࢀࡓDNA㓄ิࢆDDBJ㸦http://
www.ddbj.nig.ac.jp㸧࡟࡚BLASTゎᯒࡋ㸪┦ྠᛶࡢ
㧗࠸㓄ิ࡜࡜ࡶ࡟MEGA㸦http://www.megasoft ware.
net㸧ࢆ⏝࠸ࡓศᏊ⣔⤫ゎᯒࢆ⾜ࡗ࡚ᖐᒓศ㢮
⩌ࢆྠᐃࡋࡓࠋ࡞࠾㸪ᚓࡽࢀࡓS rRNA㓄ิࡣ
DDBJ Accession No. ABࠥAB࡟Ⓩ㘓ࡋ
ࡓࠋ
㸱㸬⤖ᯝ࠾ࡼࡧ⪃ᐹ
㸯㸧ඵ㑻†ࡢ࢔࢜ࢥⓎ⏕≧ἣ
ࠉගྜᡂⰍ⣲ࡣ㸪†ᗏࢥ࢔ࢧࣥࣉࣝ࡞࡝࡟࠾ࡅࡿ
᳜≀ࣉࣛࣥࢡࢺࣥࡢ✀⤌ᡂࡢ᥎ᐃ࡞࡝࡟ᗈࡃ⏝࠸
ࡽࢀ࡚࠸ࡿ㸦Soma et al. 㸦㸧, Tani et al. 㸦㸧, 
Itoh et al. 㸦㸧㸧ࠋᮏ◊✲࡛ࡣ㸪⸛⸴㢮⏤᮶ࡢ࢝
ࣟࢸࣀ࢖ࢻࢆ⸛⸴⏤᮶Ⰽ⣲࡜ࡋ࡚࢔࢜ࢥⓎ⏕ࡢᣦ
ᶆ࡜ࡋࡓࠋࡑࡢ⤖ᯝ㸪㸵᭶୰᪪࠿ࡽ⸛⸴⏤᮶Ⰽ⣲
⃰ᗘࡀቑຍࡋ㸪࢔࢜ࢥࡀほᐹࡉࢀࡓ㸦ᅗ㸰. C㸧ࠋ
㸵᭶࡟ࡣỈ ࡀΥࢆ㉸࠼࡚࠾ࡾ㸦ᅗ㸰. A㸧㸪ࡇ
ࢀࡣ࢔࢜ࢥᙧᡂ⸴㢮࡛࠶ࡿAnabaenaᒓࡢዲ㐺ቑ
Ṫ ᗘΥ࡜ࡶྜ⮴ࡍࡿ㸦Imamura et al. 㸦㸧㸧ࠋ
ࡲࡓ㸪㸶᭶᪥࡜᪥ࡢmm/᪥ࢆ㉸࠼ࡿ㝆㞵࡟
ࡼࡾ⸛⸴⏤᮶Ⰽ⣲⃰ᗘࡀ୍ᗘῶᑡࡋࡓࡶࡢࡢࠊ
᭶ୖ᪪࡟ࡶ⸛⸴⏤᮶Ⰽ⣲⃰ᗘࡢᛴ⃭࡞ቑຍࡀ☜ㄆ
ࡉࢀ㸪㸵᭶࠿ࡽ᭶ࡲ࡛ࡢ㛗ᮇ㛫࡛࢔࢜ࢥࡀほᐹ
ࡉࢀࡓ㸦ᅗ㸰. B, C㸧ࠋ᭶࡟ࡣỈ ࡀΥ௨ୗࡲ
࡛పୗࡋ࡚࠾ࡾ㸪㸵᭶࡟࠾ࡅࡿ⸛⸴⏤᮶Ⰽ⣲⃰ᗘ
ࡢቑຍ᫬࡜ࡣ㐪࠺せᅉࡀ⪃࠼ࡽࢀࡓࠋ㝆Ỉ㔞ࡢῶ
ᑡࡣ㸪MicrocystisᒓࡸAnabaenaᒓ࡞࡝ࡢ࢔࢜ࢥᙧ
ᡂ⸴㢮࡟ዲ㐺࡞⎔ቃࢆᙧᡂࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚
࠸ࡿ㸦Reichwaldt et al. 㸦㸧, James et al. 㸦㸧㸧ࠋ
ᖺ㸷᭶ࡢ኱₲ᮧ࡟࠾ࡅࡿ㝆Ỉ㔞ࡣ.mm࡛
࠶ࡾ㸦ᅗ㸰. B㸧㸪ᖹᖺ.mmࡢ⣙/࡜ᴟࡵ࡚ᑡ
࡞࠿ࡗࡓࠋࡑࡢࡓࡵ㸪᭶ࡢ⸛⸴⏤᮶Ⰽ⣲⃰ᗘࡢ
㢧ⴭ࡞ቑຍࡣ㸷᭶୰ࡢᑡ࡞࠸㝆Ỉ㔞ࡀ኱ࡁ࡞せᅉ
࡛࠶ࡿ࡜᥎ᐹࡉࢀࡓࠋ
ࠉ୍᪉࡛㸪ᅗ࡟ࡣ♧ࡋ࡚࠸࡞࠸ࡀ㸪࢔࢜ࢥࡀ኱㔞
Ⓨ⏕ࡋࡓ㸶᭶㸲᪥ࢆ㝖࠸ࡓ඲࡚ᮇ㛫࡛⌛⸴⏤᮶ࡢ
࢝ࣟࢸࣀ࢖ࢻ࡛࠶ࡿࣇࢥ࢟ࢧࣥࢳࣥ࡜ࢪ࢔ࢪࣀ࢟
ࢧࣥࢳࣥࡀ୺せⰍ⣲࡜ࡋ࡚ᐃ㔞ࡉࢀࡓࠋࡋࡓࡀࡗ
࡚㸪ඵ㑻†ࡢ୍ḟ⏕⏘⪅࡜ࡋ࡚⌛⸴㢮ࡀඃ༨ࡋ࡚
࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࢣ࢖㓟ࡣ⌛⸴㢮ࡢቑ
ῶ࡟┤᥋ⓗ࡟ᙳ㡪ࡋ㸪᳜≀ࣉࣛࣥࢡࢺࣥࡢ⤌ᡂ࡟
኱ࡁ࡞ᙳ㡪ࢆ୚࠼ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦Egge et 
al. 㸦㸧㸧ࠋᖺࡢㄪᰝ࡛㸪ඵ㑻†ࡢ᭱኱ὶධ
Ἑᕝ࡛࠶ࡿ㤿ሙ┠ᕝ㸦ᖹᆒⓒ୓ੑ࣭year-㸧ࡢ
ࢣ࢖㓟⃰ᗘࡣ᭱኱.mg࣭L-㸪㸰␒┠ࡢὶධ㔞
࡛࠶ࡿ୕✀ᕝ㸦ᖹᆒⓒ୓ੑ࣭year-㸧ࡀ᭱኱
.mg࣭L-࡜㧗࠸⃰ᗘ࡛ὶධࡋ࡚࠸ࡿࡇ࡜ࡀᣦ᦬
ĳĵ
ࡉࢀ࡚࠸ࡿ㸦㧗ᶫ㸪బ⸨ 㸦㸧㸧ࠋඵ㑻†࡟࠾࠸
࡚⌛⸴㢮ࡀᖺ㛫ࢆ㏻ࡋ࡚ඃ༨ࡋ࡚࠸ࡿࡇ࡜࠿ࡽ⌛
⸴㢮ࡢቑṪ࡟㐺ࡋࡓ⎔ቃ᮲௳࡟࠶ࡿ࡜᥎ ࡉࢀ
ࡓࠋ
㸰㸧࣑ࢡࣟࢩࢫࢳࣥཬࡧ࣑ࢡࣟࢩࢫࢳࣥ⏘⏕ᰴ
ࡢᏘ⠇ⓗኚື
ࠉ᪥ᮏᅜෆ᳨࡛ฟࡉࢀࡿ࣑ࢡࣟࢩࢫࢳࣥࡣ㸪୺࡜
ࡋ࡚࣑ࢡࣟࢩࢫࢳࣥ-RR࡜LR࡛࠶ࡾ㸪YRࡶᑡ㔞᳨
ฟࡉࢀࡿ㸦Watanabe et al. 㸦㸧, Park et al. 㸦㸧㸧ࠋ
ࡑࡇ࡛㸪࣑ࢡࣟࢩࢫࢳࣥ-RR㸪YR㸪LRࡢྜィࢆ඲
࣑ࢡࣟࢩࢫࢳࣥ࡜ࡋ࡚ᅗ㸰. D࡟♧ࡋࡓࠋ㔝ᮧ ࡛
ࡣ㸪᭶ୖ᪪࡟᭱ࡶ㧗࠸⃰ᗘ᳨࡛ฟࡉࢀ㸪඲࣑ࢡ
ࣟࢩࢫࢳࣥ⃰ᗘࡀ.μg࣭L-࡛࠶ࡗࡓࠋ๓㏙ࡋࡓ
㏻ࡾ㸪࣑ࢡࣟࢩࢫࢳࣥࡢྜᡂ࡟ࡣmcy㑇ఏᏊ⩌ࡀ
ᚲ㡲࡛࠶ࡾ㸪mcy㑇ఏᏊ⩌ࢆಖ᭷ࡋ࡚࠸࡞࠸✀ࡣ
࣑ࢡࣟࢩࢫࢳࣥ㠀⏘⏕ᰴ࡜࡞ࡿ㸦Tillet et al. 㸦㸧, 
Tanabe et al. 㸦㸧㸧ࠋ⸛⸴⏤᮶Ⰽ⣲ࡣ㸵᭶࡟ቑຍ
ࡋ࡚࢔࢜ࢥࡀ☜ㄆࡉࢀࡓࡀ㸦ᅗ㸰. C㸧㸪඲࣑ࢡࣟ
ࢩࢫࢳࣥࡣ᭱኱࡛ࡶ.μg࣭L-࡛࠶ࡾ㸪㸵᭶୰ࡢ
࢔࢜ࢥࡣ࣑ࢡࣟࢩࢫࢳࣥ㠀⏘⏕ᰴࡀ୺య࡛࠶ࡿࡇ
࡜ࡀ♧၀ࡉࢀࡓࠋ
ࠉ୍᪉࡛㸪Microcystis aeruginosa NIES-ᰴࡢࢤࣀ
࣒୰࡟ࡣS rRNA㑇ఏᏊࡀ㸰ࢥࣆ࣮㸪mcy㑇ఏᏊ
⩌ࡀ㸯ࢥࣆ࣮Ꮡᅾࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗ࡚࠸ࡿ
㸦Kaneko et al. 㸦㸧㸧ࠋࡑࡇ࡛㸪ᐃ㔞PCR࡟ࡼࡗ࡚
ゎᯒࡉࢀࡓMicrocystisᒓࡢmcyB㑇ఏᏊࡢࢥࣆ࣮ᩘ
ࢆMicrocystisᒓ᭷ẘᰴ㸦࣑ࢡࣟࢩࢫࢳࣥ⏘⏕ᰴ㸧┦
ᙜᩘ㸪S rRNA㑇ఏᏊࡢࢥࣆ࣮ᩘࢆ㸰࡛㝖ࡋ࡚඲
Microcystisᒓ┦ᙜᩘ࡜ᐃ⩏ࡋ㸪඲Microcystisᒓ┦ᙜ
ᩘ࡟༨ࡵࡿMicrocystisᒓ᭷ẘᰴ┦ᙜᩘࢆᅗ㸰. E࡟
♧ࡋࡓࠋ࢔࢜ࢥⓎ⏕ᮇ㛫୰࡟࠾࠸࡚࣑ࢡࣟࢩࢫࢳ
ࣥ⏘⏕ᰴࡢ๭ྜࡣ኱ࡁࡃኚ໬ࡋ㸪᭶ୖ᪪࡟ࡣ඲
Microcystisᒓᩘࡢ.㸣ࢆ༨ࡵࡓࠋࡇࡢ⤖ᯝࡣ㸪†
Ỉ୰ࡢ࣑ࢡࣟࢩࢫࢳࣥ⃰ᗘࡢኚື࡜ࡼࡃ୍⮴ࡋ࡚
࠾ࡾ㸦ᅗ㸰. D㸧㸪࣑ࢡࣟࢩࢫࢳࣥ⏘⏕㔞ࡢᣦᶆ࡜
࡞ࡾᚓࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ๓㏙ࡢ㏻ࡾ㸪ᖺ㸷
᭶ࡢ኱₲ᮧࡢ㝆Ỉ㔞ࡣᖹᖺࡢ/⛬ᗘ㸦mm㸧࡛
࠶ࡗࡓࡀ㸪ࡑࡢ㸣ࡀ㸷᭶ᚋ༙ࡢ᪥㸦.mm㸧㸪
᪥㸦.mm㸧㸪᪥㸦.mm㸧ࡢ㝆Ỉ࡛࠶ࡗࡓ
㸦ᅗ㸰. B㸧ࠋ஝⇱ᮇᚋࡢ㝆Ỉ࡟ࡼࡿᰤ㣴ሷ㢮ࡢὶධ
ࡣ㸪Microcystisᒓ↓ẘᰴ㸦࣑ࢡࣟࢩࢫࢳࣥ㠀⏘⏕ᰴ㸧
ࡼࡾࡶMicrocystisᒓ᭷ẘᰴ㸦࣑ࢡࣟࢩࢫࢳࣥ⏘⏕
ᰴ㸧ࡢቑṪ࡟᭷฼࡛࠶ࡿࡇ࡜ࡀᣦ᦬ࡉࢀ࡚࠾ࡾ
㸦Reichwaldt et al. 㸦㸧, Davis et al. 㸦㸧㸧㸪
ᖺ㸷᭶࠿ࡽ᭶ࡢ㔝ᮧ ࡣ࣑ࢡࣟࢩࢫࢳࣥ⏘⏕ᰴ
ࡢቑṪ࡟ዲ㐺࡞⎔ቃ࡛࠶ࡗࡓࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ
㸱㸧࢔࢜ࢥⓎ⏕ᮇ࡟࠾ࡅࡿ⸛⸴㢮ࡢኚ㑄
ࠉ㔝ᮧ ࡟࠾ࡅࡿS rRNA㑇ఏᏊ࡟ᇶ࡙࠸ࡓ⸛⸴
㢮✀⤌ᡂࡢኚ㑄ࢆᅗ㸱࡟♧ࡋࡓࠋ࢔࢜ࢥⓎ⏕ᮇ㛫
୰࡟࠾࠸࡚⸛⸴㢮ࡢ✀⤌ᡂࡣ኱ࡁࡃኚ໬ࡋ㸪
ᖺ㸵᭶࡟ࡣAnabaenaᒓࡀඃ༨✀࡛࠶ࡗࡓࡀ㸶᭶ᚋ
༙࡟ࡣMicrocystisᒓࡀඃ༨✀࡟࡞ࡗ࡚࠸ࡿࡇ࡜ࡀ
᫂ࡽ࠿࡜࡞ࡗࡓࠋࡑࡢᚋࡶMicrocystisᒓࡀඃ༨ࡋ
࡚࠸ࡓࡀ㸪෌ࡧAnabaenaᒓࡢቑຍࡀㄆࡵࡽࢀࡓ㸦ᅗ
㸱㸧ࠋࡇࡢ⤖ᯝࡣ㸪ᯘࡽࡀᖺ࡟⾜ࡗࡓ㢧ᚤ㙾
ほᐹࡢ⤖ᯝ࡜ࡶ୍⮴ࡋࡓ㸦ᯘࡽ 㸦㸧㸧ࠋࡲࡓ㸪
Anabaenaᒓࡀඃ༨ࡋ࡚࠸ࡿ㸵᭶ࡣỈ ࡀΥࢆ㉸
࠼࡚⸛⸴⏤᮶Ⰽ⣲⃰ᗘࡀᛴ⃭࡟ቑຍࡋࡓ᫬ᮇ࡛࠶
ࡾ㸦ᅗ㸰. C㸧㸪Anabaenaᒓࡢዲ㐺ቑṪ ᗘࡀΥ
࡛࠶ࡿࡇ࡜࡜ࡶྜ⮴ࡍࡿ㸦Imamura et al. 㸦㸧㸧ࠋ
Anabaenaᒓࡣ❅⣲ᅛᐃࡀྍ⬟࡛࠶ࡿࡀ㸪ඵ㑻†ࡢ
↓ᶵែ❅⣲ࡣ†ᚰ࡟࠾࠸࡚ࡶᖹᆒ.mg-N࣭L-࡜
㧗࠸ࡓࡵ㸦⛅⏣┴ 㸦㸧㸧㸪AnabaenaᒓࡀỈ ᮲
௳ࢆඛ࡟‶ࡓࡍࡇ࡜࡛Microcystisᒓࡼࡾࡶඛ࡟ቑ
Ṫࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡓࠋ
ĳĶ
㸲㸬ࡲ࡜ࡵ
ࠉ⛅⏣┴ඵ㑻†࡟࠾ࡅࡿ࣑ࢡࣟࢩࢫࢳࣥ࡜᭷ᐖ⸛
⸴ࡢᏘ⠇ⓗኚືࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋ࡚
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